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Abstract 
A Computer Software application has been developed to simulate the behavior of a photovoltaic generator connected 
to the low voltage network. Although this software was devised to be used mainly in in-household installations, it 
could also be implemented in commercial and industrial installations. By using distributed generation concepts, the 
behavior of the photovoltaic generator is described through three different cases: the first case is only based on the 
power consumption from the distribution network. The second one is based on the energy generated by the 
photovoltaic system. The last one is based on the consumption along with the power generation. Furthermore, this 
software can determine the behavior of the photovoltaic generator by using demand curves and historical power 
curves. Three different options can be used to model the demand curves: data insertion from the user, choice of a 
default curve (given by some network operators), and generation of the curve using Artificial Neuronal Networks 
(ANN). ANN are also used to simulate the power generation from measurements of solar radiation provided by the 
Línea de Investigación en Fuentes Alterntativas de Energía LIFAE (Searching Lab on Alternative Energy Sources) 
from Universidad Distrital. Finally, to generate the total curve, which represents the photovoltaic user behavior, the 
previous curves are added (demand curve and power curve). The final curve shows sundry values per hour, according 
to how the initial curves have been modeled. 
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1. Introduction 
Most recent advances obtained on small-scale generation and electrical storage bring changes on how 
the generation and distribution have been conceived in the last decades, returning to the concept of 
distributed generation (DG) [1]. Several researchers have argued about the DG advantages in aspects such 
as efficiency, flexibility, grid connection, gas emission levels, and installation, maintenance and operating 
costs [2,3,4,5], especially in markets where consumption is less than 10 MW, or where some special 
requirements into generation and distribution are required. 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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Photovoltaic system is one of the technologies that are taking great relevance in the distributed 
generation development. These systems can be used for different applications becoming a standard 
technology for generating electricity in developed countries. Started as DC decentralized and off-grid 
installations years ago, the grid-connected photovoltaic systems are a mature technology of electric 
generation nowadays that can be used in a future big scale distributed generation environment [6,7,8]. 
This paper presents some software that simulates the behavior of a Photovoltaic System of any user 
connected to an electrical grid. It shows the net energy user behavior, combining their consumption and 
generation. 
This software is the first step in a research project to develop a small real model which applies the 
concept of integrated distributed generation to the low voltage network. This prototype will apply the 
concept of demand management; the consumer will begin to play an important role in the power system 
because these technologies contribute to the saving and efficient use of energy [9], either as a single user 
or as a group. 
Additionally, this software aims to help conceptualize a practical way to use a renewable energy 
system for electricity generation allowing students and people interested in this type of technology to 
have a tool that leads to an easy understanding of each of these concepts. Furthermore, these projects 
serve as a starting point for planning future developments related with the integration of photovoltaic 
systems connected to the grid. 
2. Developed Software 
The software is developed by the computational tool MATLAB®, using the visual programming 
environment GUIDE. Programming is done through files .m and graphically displayed through an 
extension .fig. This software simulates the low voltage grid-connected photovoltaic generator’s behavior 
by applying concepts of distributed generation. Therefore, to make it easier to any user, energy can be 
injected to the grid. In order to determine the amount of energy that the photovoltaic array will inject to 
the grid and the time at which this will occur, demand curves from the user are taken as a starting point. 
Then, to predict the photovoltaic generator’s behavior, historical radiation measurements are used to 
generate new power curves. 
2.1. Demand Curves 
Demand curves provide daily energy behavior of the user as well as the amount of energy taken from 
the grid. The modeling of the demand curve can be made by three different ways. Firstly, according to the 
user needs, power values can be added manually through the use of a vector in Excel®, at intervals of 24 
values, which represent the hours of the day. Data inserted are given in active power and describe the 
demand curve. 
Secondly, the user has the option to choose a predetermined demand curve among three options 
available in the program. These curves were provided by different network distribution companies in 
Bogota. Figure 1 shows the three possible curves to choose from. 
Finally, there is the option to generate a power curve from programming an Artificial Neural Network. 
The artificial neural networks are information-processing techniques based on the biological nervous 
system operation as the brain, where the information is processed. To each neuron an entry function, an 
enable function and an exit function are applied. The network is set to a specific application, such as data 
classification or pattern recognition and learning through a process called training. This training is defined 
by a specific treatment algorithm [10, 11, and 12]. 
After thorough analysis and several testing, a network topology with a quite acceptable answer was 
obtained, where its error range is 5 %. The topology used is shown in figure 2 [13]. It is a Feedforward 
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neuronal network with two hidden layers. The first layer has 10 neurons and the second one has six 
neurons. Each layer has logarithmic sigmoid activation functions and an exit neuron with a lineal enable 
function. This neuronal network is programmed on MATLAB® and its coefficients are adjusted with 
“Levenberg-Marquard” algorithm [14]. 
 
Fig. 1. Demand Curves.  
 
Additionally, to achieve the ANN to work in a self-sustaining and independent way, it must have a 
series of input capable of sustaining the work of each neuronal layer. The input data are given by the 
network operating companies. These load values are taken in periods of hours. Table 1 shows the input 
data numbered. 
Fig. 2. Feedforward Network. [13] 
 
As shown in figure 4, the performance function reaches a minimum asymptotic after 15 iterations, 
showing that the network converges to the optimum quickly. 
To take the input data, 24 values from the target function are taken. Input load data and target are 
taken to values between 0 and 1, with a division between the maximum of the entire initial database; this 
is due to the fact that the values that get into a network generally have to be between the previous ranges 
in order to be able to operate within the transference function in the neuronal network. Output data, which 
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are obtained from the network, correspond to the values for a typical demand curve of a household user in 
Bogotá, starting on neuronal network processing.  
 
Table 1. Network Operating Data 
 
Time (H) Power (W) 
0 22,2789 
1 20,5038 
2 20,4914 
3 20,4922 
4 27,3068 
5 25,8915 
6 23,5326 
7 25,3856 
8 27,9428 
9 28,0604 
10 27,4470 
11 27,6487 
12 27,9410 
13 28,2242 
14 26,7808 
15 28,3758 
16 27,7327 
17 27,0181 
18 27,4471 
19 39,7774 
20 38,4858 
21 32,8833 
22 29,5527 
23 25,1777 
 
The training performed to the neuronal network was implemented in the MATLAB's TOOLBOX. 
Values of the demand curves given by the network operating companies from different circuits are used, 
in order to train the network, where the parameters to predict next demand curve is set. 
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Fig. 3. RNA Training by Matlab® Toolbox 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. ANN Validation 
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2.2. Power Generated Curves 
To simulate power curves, which show the possible behavior of the photovoltaic array, the user has the 
option to generate a curve from the ANN'S programming or generate an ideal power curve with standard 
conditions. Since the photovoltaic response has a significant nonlinearity, the neural network must have 
an adequate topology, that allows an acceptable mapping, but which it is not oversized, causing a high 
computational cost. In this way, taking into account the specifications previously presented, Feedforward 
network topology (see Figure 2) is chosen. 
The input of the network is given by records of solar radiation and temperature that have been carried 
out in the LIFAE Lab. LIFAE is a research group which works in areas such as power electronics, 
alternative sources of energy, Photovoltaic Systems, Electrical Power Quality, Flexible Computing, and 
New Identification and Control Techniques. 
Load values are taken in lapses of minutes, hours and days. To develop the curve, hourly 
measurements were used as input data. From these data, power values are calculated to work with 
YINGLI SOLAR® modules of 160 Wp. The input data are summarized in table 2. 
 
Table 2. Power Data from Laboratory 
 
Time (H) Power (W) 
0 -0,0178 
1 -0,0178 
2 -0,0178 
3 -0,0178 
4 -0,0178 
5 0,0919 
6 8,5665 
7 52,6640 
8 113,4049 
9 136,0009 
10 162,8173 
11 100,0477 
12 109,1911 
13 61,7694 
14 91,6398 
15 24,2975 
16 52,0407 
17 3,2851 
18 0,7452 
19 0,0271 
20 -0,0178 
21 -0,0178 
22 -0,0178 
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23 -0,0178 
 
To determine the load data, 24 values of the previous day and 24 values of the previous week are taken 
as target function. These data are normalized (between 0 and 1) in order to be able to operate within the 
transference function in the neuronal network. MATLAB's TOOLBOX® was used to make the neuronal 
network training with the same algorithm used in the demand curves. For this procedure, and to predict 
next generated power, LIFAE six months database are used. 
3. Simulation Software Overview 
Figure 5 shows the main window of the software, which is divided in several areas, according to the 
specific function. Among these different areas are: the types of simulation to run, the main area to 
generate demand curves, the area to generate power curves, and the area of ANN error. On the left side 
the space where the software displays the final curve obtained from the simulation is seen. Next to it, 
there is the space where the demand curve and the power generation curve are shown separately.  
In the same figure a practical example of the software running, using the generation and power 
consumption option is shown. The first graph shows the total final curve. This curve represents the power 
values, which can be positive or negative. This means that during the period of time where the power is 
negative, the photovoltaic array will inject energy into the grid. The graph next to this one displays the 
demand curve and power generation curves that were simulated; these curves are added to obtain the final 
curve that describes the photovoltaic user behavior. 
Fig. 5. Simulation application main user interface, Authors 
 
The user starts by choosing among three different types of simulation to be performed. If the user 
chooses the generation option, the program overrides the option of demand curves and allows only to 
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generate the power curve. If the user chooses the power consumption option, the generate demand curve 
is only activated. Finally, if the option of generation and power consumption is chosen, all the options of 
the program are enabled, according to the user needs, as shown in figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Type of Simulation, Power Panel Curve and Demand Curves Interface 
 
On the option of adding, the user first generates a name for the document, and then an Excel® is 
opened to introduce the data. On the select curve option, a list of default curves is displayed on a Pop-up 
menu and the user can chose one of them. Next, the user must click plot curve button to generate the 
curve. On the last option, the user can generate a curve due to the ANN programming. On this option, 
there is a Pop-up menu with a selection of several historical demand data. To generate the curve, the user 
chooses a data and then clicks the plot curve button. 
To generate the power curve (according to the ANN programming), on its corresponding area, there is 
a Pop-up menu where historical radiation data are contained. With these radiation data, the photovoltaic 
array power can be obtained. Before a record is selected, the user must click the plot curve button, as 
shown in figure 6. 
Figure 7 shows the options to graph consumption and generation curves. This uses a pop-up menu 
which contains 10 options with the different combinations that might be selected to obtain the final total 
curve.  
Fig. 7. Total Curve Interface 
 
Demand and generated power curves have a static text which allows to visualize the mistake of each 
approximation case executed (demand and power), as shown in figure 8. 
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Fig. 8. Error interface.  
 
Furthermore, the software allows the options to export the data from the resulting curve to a user 
record, and to communicate data with future physical environment that emulates the behavior of the 
curve. 
In addition to all the functions previously described, this software shows in its interface the result of 
the energetic balance of the simulation (defined by the equation 1), as shown in the figure 9. 
 
ܧ݊݁ݎ݃ݕܤ݈ܽܽ݊ܿ݁ ൌ ܧܩ݁݊ െ ܧܦ݁݉  (1) 
 
 
 
 
 
 
Fig. 9. Daily Indicators Interface  
4. Future Work 
With the development of this software, several doors are being opened to show in a truthful way the 
photovoltaic generator’s behavior connected to the low tension network and also its operation within a 
distributed generation node. The next step is the creation of a physical model that emulates and represents 
the final total curve’s behavior in a practical way. 
The present project seeks to serve as a starting point to generate a space where the aspects related 
directly with smart grids can be studied. Thus, the inclusion of renewable energy like a Distributed 
Generation in the electricity sector of the country, and other aspects such as active demand management 
from the user, impact on the system power quality and load flows behavior will be possible. 
To summarize, the development of this project working together with the LIFAE investigation group, 
in projects such as “laboratorio de sistemas fotovoltaicos interconectados a la red trifásica de baja 
tensión” [15] or “el desarrollo de una metodología para evaluar la influencia de los sistemas fotovoltaicos 
como tecnología de generación distribuida [16],” inter alia, will permit the Universidad Distrital 
Francisco José de Caldas to obtain benefits, by starting a lab that can integrate small scale models 
belonging to a micro grid. It creates interdisciplinary process by teachers and students, thus allowing the 
participation within different approaches related to electrical engineering. 
5. Conclusions 
A software application to simulate a grid connected photovoltaic system with specific features was 
developed and illustrated. The software receives input from radiation, temperature and demand to achieve 
the times of day when the user injects energy into the grid. 
As long as it takes the respective training of the artificial neuronal network, there are arrangements 
within these ones, in order for results to be located within a range of values of the target function. 
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It was decided to work with ANN programming because of the no linearity that the functions of 
radiation given by the photovoltaic array present, as well as the daily demand curves from a household 
user. In this way, this programming tool appears as a solution for designing curves that are close to the 
curves that can be obtained with databases or historical records. 
This software was developed with the energy generated by the PV system and should be close to the 
energy demand. This will allow that there are no discrepancies between the network operator and the user 
that has its own system of small-scale generation in countries where there is no regulatory framework for 
this type of technology. 
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